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© Device for external chest compression. 

® vA 6 ^J^ peTfonr,in9 cardiopulrnonary resuscitation employs an applicator device (10) havtog a 
b(xly .(12) vnth an upper surface (1 8) and a lower surface (1 6). The lower surface (1 6) includes provisions 
tor detacnabry securing to the patients chest such as a vacuum cup or an adhesive layer. For manual 
reaBcfctfto, the upper surface wfl] indude a strap (20) or other means for securing a performer's hand 

thereto. For automate annlirafanc a im^mUi aa— ■. , , ,T _ . • 



Pyw^ fQf gromabc appjjcatxins. a mechanical drive member w3l be secured to the upper surface. By 

compressed and 



alternately pressing and Gfting on the applicator device, the patient's chest can be 
expanded to improve induced ventQatbn and circulation. 
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The present Invention relates generally to devio- 
es and methods for performing external chest com- 
pression aa a part of cardiopulmonary resuscitation 
procedures. In particular, the present Invention re- 
lates to the use of devices which provide for alternate- 5 
ly compressing and actively expanding a patient's 
chest to induce both ventilation and blood circulation. 

Sudden cardiac arrest is a major cause of death 
worldwide and can arise from a variety of tircum- 
stances, including heart disease and trauma such as to 
electrical shock and suffocation. To improve a pa- 
tients chance of survival (and diminish the likelihood 
of brain and heart damage resulting from oxygen de- 
privation), I is essential that measures be taken as 
soon as possible to at least partially restore the pa- 15 
tienf s respiration and blood circulation. Approximate- 
ly thirty years ago, techniques for external chest com- 
pression, generally referred to as cardiopulmonary re- 
suscitation (CPR), were developed and have enjoyed 
greatsuccess in reducing mortality resulting fromsud- 20 
den cardiac arrest Such techniques, however, have 
remained largely unchanged over the past two dec- 
ades. 

External chest compression relies on actively ap- 
plying pressure to the patient's chest in order to in- 25 
crease intrathoracic pressure. Such pressure in- 
crease wH induce blood movement from the region of 
the heart and lungs through the peripheral arteries, 
thus partially restoring the patients tirculab'on. Phase 
1 of traditional CPR is referred to as the "active com- 30 
pression phase" where the chest is compressed by 
the direct application of external pressure. Phase 2, 
referred to as the "relaxation phase," occurs when 
pressure is withdrawn and the natural elasticity of the 
patients chest wal causes expansion. Wh8e such ex- 35 
pansion is generally sufficient to refil the cardiac 
chambers with some blood, it is insufficient to venti- 
late the patient, Le., fll the lungs with sufficient air to 
oxygenate the blood. Thus, conventional CPR further 
requires periodic ventilation of the patient, e.g., 40 
mouth-to-mouth ventilation, in order to provide the air ' 
necessary for blood oxygenation. 

Manual CPRprocedures generally require perfor- 
mers to kneel over the patient and to apply pressure 
using thepalmsoftheirhandstothepatientsstemum 45 
as the patient lies supine on a flat surface, ff no one 
else is avaiable, the performer must periodically shift 
position to ventilate the patient through a mouth-to- 
mouth procedure. Such manual procedures are thus 
very tiring to the performer and furthermore have been 50 
found to result in only limited restoration of respiration 
and circulation; 

Manual CPR procedures can also result in injury 
to the patient For example, pressure applied by the 
palm of the hand can fracture the patients sternum 55 
and/or ribs and cause other traumatic injury, especial- 
ly if the performer's hand position is inadvertently 
shifted laterally to an improper location on the pa- 



tient's chest 

The performance and safety of CPR procedures 
can be enhanced through the use of various mechan- 
ical and automatic machines for applying external 
chest compression and optionally ventilating the pa- 
tient by providing supplemental oxygen or air. The 
machines may be as simple as a "cardiac press" 
which is a manually operated lever which provides a 
mechanical advantage in performing chest compres- 
sion. More sophisticated machines can provide chest 
compression and/or ventiation through a variety of 
other mechanisms, including the use of pressurized 
chambers for compressing the chest cavity. WhBe 
such machines can be very effective, their bulk, 
weight and cost limit their avaBabOity. In particular, 
such machines are not widely avaBable outside of 
medical facilities and their size is a deterrent to pro- 
viding such equipment in emergency vehicles. 

CPk is often administered in conjunction with 
other procedures which, taken together, are referred 
to as advanced cardiac life support (ACLS). Most 
commonly, CPR is administered while the patient un- 
dergoes both electrocardiographic monitoring (ECM) 
and electrical defibrination. Both ECM and defibrina- 
tion require the attachment of electrodes to the pa- 
tient's chest The need to attach electrodes can inter- 
fere with the ability to administer CPR, particularly the 
abflly to administer manual CPR. In the case of man- 
ual CPR, the performer can also be exposed to elec- 
trical shock when current is applied to perform defibril- 
lation. 

It would therefore be desirable to provide im- 
proved devices and methods tor performing external 
chest compression in conjunction with CPR and 
ACLS procedures. It would be particularly desirable if 
such methods and devices provided enhanced venti- 
lation and blood circulation in the patient undergoing 
treatment preferably reducing ordiminating the need 
to separately ventilate the patient Desirably, the 
methods and devices should be simple and easily 
stored so that they can be maintained in emergency 
vehicles, non-medical facilities, and even the home. 
The devices should be suitable for performing en- 
hanced manual CPR, in particular by converting 
Phase 2 chest expansion from a passive event to an 
active process to improve venous blood return from . 
the heart and enhance airflow into the lungs (faciitat. 
ed ventilation).. The devices should further facilitate 
the simultaneous performance of electrocardiograph- 
ic monitoring and/or electrical defibrillation, preferably 
reducing the performer's exposure to electrical shock 
from the electrode attachment 

U.S. Patent No. 4,881,527, describes a chamber 
which may be placed over a patient's chest to alter- 
nately apply pressure and vacuum to compress and 
expand the chest U.S. Patent Nos. 4,429.688 and 
4,198,722, describe hand-held vacuum cups which 
are intended for applying percussive therapy to the 
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lungs (chest physiotherapy). The devices are intend* 
ed for repeatedly stridng a patient's chest, not for ap- 
plying a continuous* compression and expansion. A 
variety of vacuum cup designs have been proposed 
as body massage devices. See, for example. U.S. Pa- 5 
tent Nos. 2,879,765; 2,742^51; 1,460,927; and 
728.003. and British Patent Specification 274.306. 
German Patentschrift 468358 may also be pertinent 

A device for applying pressure and vacuum to a 
patient's abdomen to assist in breathing was desert- 10 
bed by Dr. Rudolf Eisenmenger in Wiener Medfcini- 
sche Wochenschrift, page 807, August 5, 1939. The 
device is further described in a brochure of the Biomo- 
tor Company, Munich, Germany, undated 

Anecdotal reports of the use of tolet plungers for 15 
performing CPR have been made by one of the inven- 
tors herein. See, Lurie et at (1990). Journal of the 
American Medical Association, October 3, 1990, page 
1661; and San Francisco Examiner, article entitled 
ToBet Plunger Successful in CPR,' October 1990. 20 

The use of mechanical devices fa performing 
chest compression and CPR is described in Textbook 
of Advanced Cardiac Life Support, Chapter 4, Amer- 
ican Heart Association, Second Edition, 1987. 

The full disclosures of each of these references 25 
are incorporated herein by reference. 

SUMMARY OF THE INVENTION 

According to the present invention, devices and 30 
methods are provided for the enhanced performance 
of cardiopulmonary resuscitation (CPR) and ad- 
vanced cardiac life support (ACLS) procedures. The 
devices comprise an applicator which facilitates the 
application of pressure to compress the chestofapa- 35 
tient suffering from cardiac arrest The applicator is fo- 
unded to distrfoute the applied force substantially ■ 
evenly over a portion of a patients chest, thus reduc- 
ing the risk of injury to the patient The applicator fur- 
ther includes an adherent lower surface which allows 40 
active positive expansion of the patient's chest by lift- 
ing of the applicator between successive compres- 
sion strokes. In this way, significant improvement in 
patient respiration and circulation can be achieved 
when compared to conventional CPR where the chest 45 
is passively, not actively, expanded. 

In a particular embodiment of the present inven- 
tion, the device facilitates the performance of manual 
CPR where a performer applies pressure directly to 
an upper surface of the applicator, typically using the so 
open palms of both hands. In such cases, the appli- 
cator wil comprise an applicator body having upper 
and lower surfaces, where the upper surface includes 
means for securing at least one hand thereto. In this 
particular embodiment the performer can continuous- 55 
ly press and lift on the upper surface without the need 
to grasp any portion of the applicator. Thus, the per- 
former can carry out CPR using his or her hands in a 
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generally conventional manner, with the additional 
benefit that the ventilation and blood circulation is en- 
hanced whfle the risk of injury to the patient is re- 
duced. 

The manual applicator of the present invention 
will usually be in the form of a flexible vacuum cup, 
where the vacuum or suction provides at least a por- 
tion of the adherence and the resflient nature of the 
cup provides the desired cushion. Optionally, a lower 
lip of the cup win be coated with an adhesive to further 
promote adherence. Alternatively, the applicator can 
be in the form of a resilient pad wft an adhesive ma- 
terial or layer present on a lower surface thereof. In 
the latter case, the pad distributes the applied pres- 
sure substantially uniformly over the contact area with 
the patient's chest while the adhesive surface pn^ 
vides for expansion of the chest as the performer lifts 
up on the pad. In some cases, it may be desirable to 
combine the two approaches with an adhesive pres- 
ent on the lower surface of the vacuum cup. In this 
way, once the applicator is properly positioned on the 
patient's chest the physician wffl shift only minimally 
if at aO. Thus, traumatic sternal and rib Injuries result- 
ing from the mislocated application of compression 
force are reduced. 

In a preferred aspect of this embodiment the 
manual applicator can further include one or more 
electrodes present on the lower surface of the appli- 
cator body. The electrode will be disposed so that ft 
contacts the patient chest when the applicator is in 
place and wB be useful in performing electrocardio- 
graphic or other monitoring procedures and/or electri- 
cal defibrillation when connected to appropriate exter- 
nal systems. When the applicator includes such an 
electrode, it may be desirable to provide a glove or 
other protective barrier as part of the hand securing 
means. In this way, the risk of accidental electrical in- 
jury to the performer is reduced. 

In another particular embodiment of the present 
invention, an applicator body stmflar to that described 
above can be connected to a mechanical drive mem- 
ber. The mechanical drive member can be a simple 
handle, a powered drive system, or any other mech- 
anical link which is used in place of direct manual ma- 
nipulation of the applicator as described above. When 
the applicator is other than for manual use, the appli- 
cator body wOl include an electrode disposed on its 
lower surface to facilitate electrocardiographic moni- 
toring and/or electrical defibrillation. In the case of 
manual devices with a handle, it wil be particularly 
useful to include a handle-mounted display which pro- 
vides patient status and feedback information to the 
performer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view of an applicator de- 
vice constructed in accordance with the principles of 



5 



EP0509 773A1 



6 



the present invention. 

Rg. 2 is a cross-sectional view of the applicator 
device of Fig. 1. 

Fig. 3 Is a cross-sectional view of a first alternate 
embodiment of an applicator device constructed in ac- 5 
cordance with the principles of the present invention. 

Fig. 4 is a top plan vfew of a second alternate em- 
bodiment of an applicator device constructed In accor- 
dance with the principles of the present invention. 

Rg.5isa cross-sectional view taken along line 5- 10 
5 of Fig. 4. 

Fig. 5A is a side view of a third alternate embodi- 
ment of an applicator constructed in accordance with 
the principles of the present invention. 

Fig. 6 is an elevational view, with portions broken 15 
away, of a thW alternate embodiment of the applica- 
tor device of the present invention. 

Fig. 7 is a schematic illustration of an applicator 
device constructed in accordance with the principles 
of the present invention employed in a powered actua- 20 
tfon system. 

Fig. 8 illustrates the applicator device of Fig. 1 be- 
ing used to perform manual cardiopulmonary resusci- 
tation. 

Fig. 9 illustrated the proper placement of the ap- 25 
pllcator on a patient for resuscitation as illustrated in 
Fig. 8. 



DESCRIPTION OF THE SPECIFIC 
EMBODIMENTS 
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According to the present invention, methods and 
devices are provided for performing manual and au- 
tomated cardiopulmonary resuscitation (CPR), op- 
t»na0y in combination with electrocardbgraphicmon- 35 
itoring (ECM) and/or electrical defibrilatbn as part of 
advanced cardiac life support (ACLS) procedures. 
The device comprises an applicator body having an 
upper surface and a lower surface The lower surface 
is adapted to adhere to a patient's chest during the <o 
performance of CPR so that the intrathoracic region 
of the chest can be both compressed by pressing on 
the applicator body and actively expanded by lifting 
upward on the applicator body. 

In a particular embodiment intended for manual 45 
CPR. the upper surface of the applicator body wil in- 
clude a strap or other means for securing at least one 
hand of the person performing the CPR procedure. In 
this way, the performer can alternately apply active 
compression and active expansion by pushing and 50 
pulling with the strapped hand(s) without the need to 
grasp the applicator body In any way. This is a great 
advantage when the CPR Is being performed overex- 
tended periods since the need to periodically grasp 
the applicator to expand the patient* s chest would be 55 
very tiring to the performer. In addition, time wasted 
in relocating the performer's hands to the proper chest 
position would be reduced since the applicator would 



remain secured to the proper location on the chest by 
vacuum and/or other adhesive means. 

In another specific embodiment, the upper sur- 
face of the applicator body can be attached to a mech- 
anical drive element such as a handle or a mechan- 
ical link which is part of a powered automatic drive 
system. In this way, active automatic compression 
and expansion of the patient's chest can be per- 
formed. 

In both manual and powered systems, the active 
expansion of the chest which occurs when the appli- 
cator body is lifted causes a negative pressure within 
the intrathoracic region, drawing air into the lungs to 
ventilate the patient This is a particular advantage 
since it reduces or eliminates the need to otherwise 
venfflate the patient such as through mouth-to-mouth 
resuscitation. In addition, such active expansion 
causes peripheral blood to move more rapidly back 
into the right side of the heart and lungs, resulting In 
increased left heart Wood flow during the next com- 
pression phase. 

Optionally, the applicator body wOl include an 
electrode in its lower surface which can facilitate per- 
formance of ECM and/or electrical defibrfllatioa 

The applicator body acts as an interface element 
between a force-applying source. e.g., the perfor- 
mer's hands or the mechanical drive elemental and 
the sternum region on the patient's chest to which the 
force is applied. The applicator is designed to both 
uniformly distribute the applied force over a predeter- 
mined area, le^ the contact area between the appli- 
cator and the chest as well as to provide a cushion 
to decrease the likelihood of injury resulting from the 
applied compressive force. Usually, the applicator 
body wil be resilient to provide the desired cushion 
and may further have the ability to distribute the force 
uniformly by conforming to the contour of the patient's 
chest In addition, the applicator is designed to remain 
fixed to the chest wall at the desired location for ap- 
Plying compression and expansion, thus eliminating 
the need to relocate the proper location each time 
compression is resumed, as is necessary with tradi- 
tional CPR. 

A variety of specific designs for the applicator 
body can fulfil these objectives. The applicator body 
can be formed as a solid pad from a reslient material, 
such as a natural or synthetic elastomer. Alternative- 
ly, the applicator body may be formed as an open or 
partially open structure, optionally containing an en- 
closed gas, gel, or the like, to enhance the shock ab- 
sorbing and distributing capability of the body. In the 
case of pad-Ike applicator bodies, it will be necessary 
to provide additional means far adhering the lower 
surface of the body to the patients chest Typically, an 
adhesive material can be formed overall or part of the 
lower surface. 

Suitable adhesive materials include pressure- 
sensitive adhesrves such as those which are com- 
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monly used on medical bandages, transdermal patch- 
es, and other medical applications. The most useful 
adhesives wfll be natural and synthetic rubber based 
formulations, particularly pdyisobutytenes. Other 
suitable adhesives include acrylic and siicon-base 5 
materials. When used in conjunction wfth electrodes, 
as described hereinafter, swollen hydrogels, such as 
polyvinyl pyrroJidone), may find use. 

Th e preferred embodiment of the applicator body • 
wffl comprise a resiient vacuum cup having a hollow 10 
interior, where the hollow interior is placed against the 
patients chest so that a vacuum or "suction' is created 
when the appBcator body is compressed therea- 
gainst Thus, when the vacuum cup structure is sub- 
sequently lifted according to the method of the pres- 1$ 
ent invention, the patient's chest wfll be actively ex- 
panded. The vacuum cup design is advantageous 
both because of its inherent adherent characteristics 
as well as its natural resilience which provided a cush- 
ion to protect the patient and promote the even distrib- 20 
utjon of pressure (force) over the interface region with 
the patients chest Even with the vacuum cup design, 
it w9 frequently be desirable to provide an adhesive 
layer (using the materials described above) over at 
least a portion of the lip of the vacuum cup which cojv 25 
tacts the patient's chest Adhesive helps hold the va- 
cuum cup applicator body in place and helps assure 
that the desired vacuum is maintained. 

It wffl frequently be desirable to form the applica- 
tor body as a laminated or layered structure, usually 30 
having one or more upper layers which are rigid rela- 
tive to the lower layers). The relatively rigid upper lay- 
ers) wiS act to receive a localized compressive force, 
either from the performer's hand or from a mechanical 
driver, and to evenly distrfoute the force over the low- 35 
er. more resflient layers. The abflfty to distribute the 
force over the resffient lower layers is particularly Im- 
portant with solid applicator body structures which are 
subject to localized compression, possibly causing a 
"punch-through' effect 

For manual applicator designs, means for secur- 
ing at least one hand will be provided on the upper sur- 
face of the applicator body. The means for securing 
can be a strap, mitten, glove, or the eke, which permits 
the performer to both press down on the applicator 45 
body and lift upward on the body without the need to 
grasp the applicator body in any way. The securing 
means should be attached to the upper surface so 
that the upward force applied by the performer's hand 
wffl be relatively evenly distributed over the applicator so 
body. The use of a relatively rigid upper surface on the 
applicator body wfll help provide such even force dis- 
tribution. 

The dimensions of the applicator body will be 
chosen to provide a desired interface area between 55 
the applicator and the patient's chest Typically, for 
adult patients, the applicator wfll have a crater per- 
iphery with a diameter in the range from about 8 to 25 



cm, preferably being in the range from about 10 to 20 
cm. For children, the dimensions may be as small as 
3 cm. Other, non-circular geometries may also find 
use, and it is necessary only that the applicator body 
be shaped to provide for a desired force distribution 
over the patient's stemu m as wefl as to provide for suf- 
ficient adherence to aOow the patient's chest to be ex- 
panded when the applicator body Is raised upward. 

The thickness of the applicator body is not critical 
and will depend on the particular body design. For sol- 
id, pad-like applicator bodies, the thickness wfll typi- 
caJJybeinthe range from about 1 to 10 cm, more typ- 
ically in the range from about 2 to 8 cm, depending on 
the resiliency of the material employed. For vacuum 
cup designs, the maximum thickness, the maxi- 
mum air gap, wfll be in the range from about 1 to 15 
cm, more usually from about 5 to 12 cm. For manual 
applications, it wfll be desirable to provide a flat upper 
surface so that the user can press down evenly over 
the surface with one or both hands in a manner similar 
to conventional CPR. In this way, the performer wfll 
experience the same "feel" as conventional CPR with 
the advantages of the present invention of patient pro- 
tection ami improved ventilation and circulation. In 
some cases, ft may be desirable to shape the lower 
surface of the applicator body to conform to the gen- 
eral contours of the human chest In addition, it may 
be desirable to provide a plurality of sizes of the ap- 
plicator in a single kit so that a particular applicator 
may be selected for the individual patient Such kits 
would have applicators as small as about 3 cm m di- 
ameter for children to as large as 25 cm, usualy 20 
cm, in diameter for adults. 

It wQI frequently be desirable to provide one or 
more electrodes in the lower surface of the applicator 
body. The electrodes will be exposed on the surface 
so that they will contact the patients chest when the 
applicator body is in use. The electrode wl be inter- 
nally connected to an electrical connector or plug, typ- 
ically located on the side of upper surface of the ap- 
plicator body. The connector or plug will be selected 
to allow interconnection with conventional ECM 
and/or electrical defibrillation equipment Combina- 
tion ECM/defibrtlation equipment is commercially 
available from suppliers such as Hewlett-Packard 
Co., Palo Alto, California, and Physio Control, Seattle, 
Washington. When used with such systems, the ap- 
plicator of the present invention can act as one of the 
two (or more) "paddle" connectors which are secured 
to the patient's chest for monitoring and/or defibrina- 
tion. 

Referring now to Figs. 1 and 2, a first embodiment 
of the applicator device of the present invention. In- 
tended for manual CPR, is illustrated. The device 10 
comprises a vacuum cup body 12 having a concave 
interior 14 which opens into a lower surface defined 
by a peripheral lip 16. The vacuum cup 12 has a sub- 
stantially flat upper surface 1 8 having a strap 20 ex* 
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tending thereacross. The strap 20 is firmly secured to 
the upper surface so that a user can place one or both 
hands beneath the strap.with the hand(s) being open 
to press directly against the upper surface. 

The vacuum cup body 1 2 is relatively thick across $ 
its flat upper surface and tapers down to form a skirt 
22 terminating at the periphery of Bp 1 6. The thick up- 
per surface region provides sufficient rigidity so that 
the applicator body 12 wfll not involute or "cave in* as 
the user presses against the upper surface. Instead. io 
the Dp 1 $ and skirt 22 wfll tend to spread outward r* 
ducing the volume of air in the concave interior 14 and 
providing the desired vacuum The vacuum cup 1 2 will 
transmit sufficient force to compress the patient's 
chest bya desired amount, typically 3.5 to 5 cm. After 
the desired compression of the chest is completed, 
the user wU lift on the applicator body 12 by raising 
one or both hands which in turn lift through the strap 
2a The reduced pressure within the concave interior 
14 wfll cause a vacuum or suction which acts to raise 
the patient's chest and actively expand the intrathora- 
cic cavity. 

Using the device 10. the performer is able to per- 
form CPR In a manner similar to conventional manual 
CPR, with reduced exposure to injury since the appli- 
cation of force is localized to the intended region on 
the patient's chest with the position being 'anchored' 
by the device itself. Additionally, the abirty to actively 
raise the patient's chest and expand the intrathoracic 
cavity provides for improved ventilation and circula- 
tion of the patient 

Referring now to Rg. 3, an alternate embodiment 
of a manual applicator device 30 constructed in accor- 
dance with the principles of the present invention is ft. 
Justrated. The device 30 comprises a solid resilient 
pad structure 32 laminated to a relatively rigid upper 
plate 34. The resilient pad 32 can be formed from a 
wide variety of natural and synthetic polymers having 
sufficient resiliency to conform to the contours of the 
patient's chest whBe retaki ng sufficient compressive 
strength to permit the transmission of the desired 
force to the chest Suitable polymers include neo- 
prenes, low density polyethylene, soft poryvinylchlor- 
ide (PVC) compounds, natural rubbers, synthetic rur> 
bers, and the like. Suitable polymeric structure irv 
clude open cell and dosed ceil foams. The solid pad 
may also comprise flukMilled bags and structures, 
such as geWDIed bags and air-filed structures, which 
can transmit the desired force while providing desired 
residence and conformity. 

The upper plate 34 wfll be rigid relative to the re- 
siient pad 32, typically being a rigid plastic material. 

A strap 36 is secured to the upper plate 34 and allows 
the user to place one or both hands therein in a man- 
ner similar to that described for device 10. 

Applicator 30 further includes an electrode 38 
which is in the form of a ring extending about the per- 
iphery of the lower surface of the pad 32. The elec- 



trode 38 wil be formed from a suitable material such 
as electrically conductive metals, and wfll be intercon- 
nected with an electrical connector cord 40 which is 
suitable for interconnection with an ECM system, an 
electrical defibrillator, or a combination ECM/defibrB- 
lator unit Such electrode applicators wfll frequently 
be used in combination with an dectrically<ondu> 
uVe gel, such as those commonly used with defibrffia- 
tor electrodes, which can further enhance the adhe- 
sive characteristics of the applicator. 

To provide the necessary adherence, the lower 
surface of pad 32 is covered with an adhesive which 
is suitable for detachaWy adhering to the patients 
chest Suitable adhesrves are described above. 

A second alternate embodiment 50 of the appli- 
cator device of the present invention is illustrated in 
Figs. 4 and 5. The applicator device 50 includes a rel- 
atively rigid upper plate 52 and a depending vacuum 
cup structure 54 formed from a relatively resident ma- 
tt terial. Le.. a material which is able to spring back. A 
mitten 54 is secured to the upper surface of plate 52 
and is shaped to receive a performer's hand. An elec- 
trode 58 is disposed in the lip 60 of the vacuum cup 
54. The electrode is interconnected to a cord 60 in- 
2S tended for hook-up to conventional ECM and/or defi- 
brillation equipment 

The device 50 combines certain of the advantag- 
es of each of the previous embodiments. The use of 
the rigid upper plate 52 helps assure the even appli- 
30 cation of force to the patient's chest Use of the va- 
cuum cup structure 54 provides for an entrapped 
cushion of air in its concave interior, further assuring 
substantially uniform distribution of pressure to the 
patient's chest Finally, the use of the mitten 56, rather 
35 than a strap that has previously been described, helps 
isolate the performer's hand from the other electrodes 
being used for ECM and/or defibrillation. 

Rg. 5A illustrates an applicator 150 having a bel- 
lows or accordian configuration. In particular, appiica- 
tor 150 comprises an applicator body 152 having a 
handle 1 54 secured on an upper surface 156. The ar> 
pncator body 152 includes an upper pleated section 
158 and a lower skirt section 160 which together de- 
fine the desired bellows construction. It wfll be appro- 
45 dated that the bellows structure may include addition- 
al pleated sections, although usually the structure B- 
lustrated wfll be sufficient The applicator body 156 
will usually be composed of a resilient elastic material, 
such as a natural rubber or synthetic rubber, and may 
so be formed by conventional molding techniques. Trie 
applicator body 156 provides a vacuum cup which 
permits significant air intrusion or leakage to take 
place before the desired vacuum is lost 

An applicator device 70 comprising an applicator 
* body 72 and a handle 74 attached to the upper sur- 
face of the applicator body 72 is illustrated in Fig. 6. 
The appl icator body 72 is illustrated as a vacuum cup, 
similar to that illustrated in Figs. 1 and 2, but could be 
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any of the other applicator body structures described 
herein. The use of an elongate handle 74 with the ap- 
plicator body 72 is desirable for patient's lying on the 
floor or ground. AT-bar 76 on the handle 74 allows the 
performer to stand over the patient with one leg strad- s 
died on each side of the patient's chest, applying sue- 
cessive downward and upward strokes to compress 
and actively expand the chest 

Use of the handle interferes with the performer's 
ability to fed and regulate the pressure and compres- to 
sfen being applied to the chest For that reason, it is 
desirable to provide feedback information, such as a 
pressure gauge 7B, on the handled device 70. As ilu- 
strated, the pressure gauge employs a spring 80 
which is deposed between the T-bar 76 and the fixed 1$ 
portion of handle 74. The spring 80 also acts as a 
stock-absorber which helps limit excessive force ap- 
plied to the patient Other pressure measuring devic- 
es and transducers would also be suitable. 

In embodiments with a handle, it may be desir- 20 
able to provide a more advanced monitoring panel or 
readout on the handle (not illustrated) which can dis- 
play a variety of patient status information and/or 
feedback to the person performing the CPR. Patient 
status information includes minute ventilation, tern- 2$ 
perature, blood pressure, heart rate, respiratory rate, 
and other vital signs. Such status information w3J of- 
ten require separate monitoring devices (not illustrat- 
ed) attached to the patient, and the display on the han- 
dle makes the information immediately available to 30 
the person performing the CPR. Feedback infbrma- 
tion includes pressure or force applied to the patient, 
depth of compression, compression rate (Lc, cycles 
per minute), duty cycle (he., portion of each cyde in 
which the patient is compressed), and the like. Such 35 
feedback Information can be provided as discretevai- 
ues, e,g„ with gauges or digital readouts, or may be 
provided with a light or sound system which indicates 
when certain threshold values have been met or ex- ' 
ceeded. It may be further desirable to provide a pao 40 
ing signal, e.g., efther a sound or flashing light, to fo- 
cBitate maintaining a desired compression rate. 

The applicator device of the present invention 
may also be employed in a powered system 90 as i- 
lustrated schematically in Fig. 7. Applicator body 92 is 45 
secured to a verted drive element 94 which is attach- 
ed to a reciprocating lever arm 96. The lever arm 96 
may be driven in a wide variety of ways. As illustrated, 
a fixed fulcrum point 98 is provided by post 100 and 
the lever is reciprocated up and down by a piston and so 
cylinder 102 to provide the desired compression and. 
expansion of the chest 

The applicator 92 is again llustrated as a vacuum 
cup structure, similar to that illustrated in Figs. 1 and 
2. The applicator 92 could employ any of the other ar> 55 
plicator body structures illustrated herein, and wO) be 
particularly useful with those structures which include 
integral electrodes which permit ECM and defibrilla- 



tion. 

Referring now to Figs. 8 and 9, a method accord- 
ing to the present invention for applying manual CPR 
using the applicator device 10 is illustrated. A patient 
P suffering from cardiac arrest and apnea is laid on his 
back on a flat surface and the shirt and collar loos- 
ened to provide access to the chest After the patient's 
airway is cleared and the chin lifted to bit the head, the 
device 10 is placed over the lower portion of the pa- 
tient's sternum in the region where conventional CPR 
is applied (Fig. 9). 

The performer then places one or both hands ur>- 
der the strap 20 of device 10 and begins external 
chest compressions at a rate of from 80 to 100 per 
minute. Optionally, the performer wil periodically ap- 
ply mouth-to-mouth resuscitation or other ventilation 
in order to ventaate the patient It Is an advantage of 
the present method, however, that frm number of ven- 
tilations which must be performed is reduced. 

Each chest compression should achieve a com- 
pression in the range from about 3.5 to 5 cm, and wO! 
be followed by a positive lifting on the chest by the per- 
former by lifting on the applicator device 10. The chest 
will be lifted and allowed to remain ventilated untfl the 
next compression step. Typically, the compression 
portion of the cycle wOl last from about C2to0.7seo> 
onds, wfle the expansion portion of the cyde wffl last 
from about 0.2 to 0.7 seconds, with the compression 
and expansion portions usually being equal 

The method, as described above, w» be contin- 
ued until heartbeat and respiration are restored or un- 
to medical support arrives. 

A further embodiment of the invention is the use 
of a flexible cup in the preparation of a device for per- 
forming cardiopulmonary resuscitation of a patient 



Claims 

1. A device for performing cardiopulmonary resusci- 
tation of a patient, comprising: 

an applicator body having an upper sur- 
face and a lower surface; 

means on the upper surface for securing a 
performer's hand or a drive member to the appli- 
cator and 

means on the applicator body for ad- 
hering the lower surface to the patient's chest, 
whereby the patient's chest can alternately be 
compressed and expanded by operation of the 
device. 

2. A device as in daiml, wherein the means for ad- 
hering the lower surface to the patient's chest 
comprises a hollow interior in the applicator body, 
said hdlow interior being open to the lower sur- 
face and the body being sufffcbntr/ flexible to al- 
low the body to act as a vacuum cup. 
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3. A device 83 in claim 2, wherein a portion of the 
lower surface about the hollow interior is coated 
wfth an adhesive. 

4. A device as in any of the above claims, wherein 5 
the applicator body is a resilient pad. 

5. A device as in any of the above daims, further 
comprising an electrode disposed on the lower 
surface so that it will contact the patient's chest 10 
when the lower surface is adhered thereto. 

6. A device as in any of the above claims, wherein 
the means for securing a performer's hand ts a 
strap or a glove. 1$ 

7. A device as in any of the above daims. further 
comprising 8 drive member secured at a lower 
end to the means for securing to the applicator, 
wherein said drive member induces means at an 20 
upper end for securing to a means for mechani- 
caly retiprocating the drive member. 

8. A device as in any of the above daims, farther 
comprising an information display mounted on a 2$ 
handle which is secured to the upper surface. 

9. A device as in any of the above daims, wherein 
the display provides information relating to min- 
ute ventilation, temperature, blood pressure, 30 
heart rate, or respiratory rate. 

10. A device as in any of the above daims, wherein 
the display provides information relating to com- 
pressive farce, depth or compression, compres- 35 
ston rate, or duty cyde. 

11 A device as in any of the above daims, farther 
comprising means for mechanically reciprocating 
the applicator body, said means for redprocating 40 
including a redprocatable drive member which is 
secured to the upper surface. 

11 A device as in any of the above daims, wherein 
the applicator body is a flexible cup having a hoi* 45 
low interior, a generally flat upper surface, and a 
lower lip formed about the open interior. 

1 3, A device as In daim 1 2. wherein the lower lip is 
contoured to conform to the patient's chest 5a 

K A device as in daim 12 or claim 13, wherein the 
upper surface is less flexible than the lower lip. 
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